This paper presents a very efficient Gunn diode circuit model whose components are determined by a new method of large signal characterization which requires much less power from the generator than classical techniques. This method can be exploited through one of the two measurement setups presented according to the power provided by the power supply. This technique will be particularly interesting at millimeter-waves. The model will allow global modelling of sources such as power combiners at these frequencies.
1-INTRODUCTION:
It is necessary to master the design of amplifiers or power sources at microwaves and millimeter-waves with as little regulation as possible. This design involves the characterization of active devices. Yet, this characterization is difficult because of very small optimum impedance loads for which active devices reach their highest added power. To reach our aim in designing and making powerful sources at 80 GHz, we have to characterize the active components we use, namely Gunn diodes. This must be done with particular accuracy for power combiners. In the latter, Gunn diodes are connected in parallel and so, the higher the number of diodes, the smaller the loads charging the diodes. Consequently, the impedance to be synthesized must be known very precisely. Diode characterization will lead to a reliable equivalent circuit which will be used in CAD simulation software. To reach this large signal characterization, a new method of large signal measurement has been developed. Its principle relies on pre-matching the diode and was developed on the basis of what has already been done for transistors by Bouisse et al (1) and Nebus et al (2). This technique was designed so as to be used at millimeter wavelengths. These results will allow global modelling at microwaves and millimeter-waves in the aim of studying synchronization for power combiners. Firstly, we worked in the X band to make it easier and more accurate to define the determining elements of the method, the measurement setup and the model.
2-AIM OF THE GUNN DIODE CHARACTERIZATION:
Gunn diodes are the components which offer the best compromise between power and phase noise at millimeter-waves as shown by Eisele and Haddad in (3) . Current electrical models of these devices do not give accurate results, especially as regards impedance. Numerical and electromagnetic modelling of these components have been proposed by Lakshminarayana and Partain (4) for instance, but they require both a long computation time and perfect knowledge of the exact structure of the diode (size and doping of the material layers). The model proposed in this paper is given in figure 1 . It was designed on the basis of previous work undertaken by Friscourt (5) The principle of pre-matching relies on connecting the diode to a power supply whose internal impedance is close to the optimum load impedance of the Gunn diode. In such conditions, the optimum working point (i. e. the point for which the added power, Pad, of the diode is maximum) is reached with less power from the generator (P5) than without pre-matching. This is particularly important at millimeter-waves. Figures 2 and 3 give the ideal (lossless) block diagrams of the measurement setup with and without prematching. The following equations ( (1) and (2)) give the expressions of Pad for each one of these setups to which we added the losses through the ac coefficient (the meaning of each parameter is made clear by the figures).
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With equation (1) of the classical method, we can see that the closer the optimum impedance is to the Smith chart edge, the higher P, has to be in order to reach the maximum of Pad (Padmax).
It is much harder to find such an easy conclusion with equation (2) of the method with pre-matching. Thus, let us define R as the ratio of equation (2) divided by equation (1) We also studied the effects of IC21 and icl on R for two cases:
-firstly, with an ideal coupler; -then with a real coupler that we used to demonstrate the validity of the measurement principle.
The curves of figures 4 and 5 give the results of these studies (for each one, we took PaI1.4, as measured approximately at Padmax).
According to this analytical study, we are able to conclude that: -there is an optimum position of the short circuit for which Padmax is reached with a minimal P5;
-there is an optimum value of the coupling coefficient C2 for which Padmax is reached with a minimal Ps;
-circuit losses (especially between the power supply and the measurement coupler) and C1 have to be reduced. We finally simulated these two measurement circuits with the HP-MDS CAD software. We can see the curves in figure 6 and notice that, at 10 GHz, Padmax is reached with about 2 dB less with the pre-matching circuit than with the classical one. This result confirms these obtained with the analytical study and clearly shows the advantages of the proposed method.
4-GUNN DIODE MODELLING AND EXPERIMENTAL RESULTS:
With the static measurement and the large signal characterization of the diode, it is possible to determine the values of all the parameters and elements of the Gunn model presented, particularly those of the 1(V) relation which must take into account:
28th European Microwave Conference Amsterdam 1998-the Gunn effect wlhich gives the component its ability to be " active " between two DC voltages: V0O Vth V -the Schottky effect which becomes preponderant when the DC voltage overcomes Vth and makes the diode resistive (as shown by Sobhy et al in (6)). Equation (5) gives the relation between I and V which we established taking into account the previous remarks:
In this equation, Io, a, b, c, d, 1, Vh and in are the parameters which have to be determined thanks to static and large signal measurements. This characterization led to a very good correlation between simulation and measurements as can be seen in figures 7 and 8. The diode is an MA49157 working in the X band. The small differences can be explained by:
-the temperature effect, since the diode was not " thermostatted";
-the harmonic components of the working frequency, for which the circuit was matched in simulation but not for measurements.
Results of the characterization with and without pre-matching are given in figure 9 . Although the advantage of pre-matching is shown, the latter is partly reduced, on the one hand, by the non-optimum value of the coupling coefficient C2, and, on the other hand, by circuit losses. Since this problem will be critical at millimeter wavelengths, a third and innovating configuration of the measurement setup is proposed. It uses a second mobile short-circuit in the exact position of the matching load of coupler 2, as shown in figure 10 .
Such a measurement setup was simulated with the previously presented Gunn model and very good results were obtained: the generator power necessary to reach Padmaz was less than half that required with the prematching configuration of figure 2 as can be seen in figure 11 .
5-CONCLUSION AND FUTURE PROSPECTS:
We have demonstrated the validity of Gunn diode characterization with a pre-matching method which makes it possible to reduce the generator power required to reach the maximum added power of the device. This will be particularly useful at millimeter-waves, especially due to the cost and availability of such sources or amplifiers. We developed a cell for diode connection in a circuit to characterize two-port active devices at millimeter wavelengths. So as to minimize losses, we are studying the development of an " integrated " measurement setup eliminating most of the connections. These developments will be presented during the conference. Regarding modelling, we succeeded in developing an efficient Gunn diode model. It will allow the global simulation of the power combiner in the E band on which we are currently working, and consequently enable us to master the design of the latter.
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